ABSTRACT: The Adaptive Gain Integrating Pixel Detector (AGIPD) is a novel detector system, currently under development by a collaboration of DESY, the Paul Scherrer Institute in Switzerland, the University of Hamburg and the University of Bonn, and is primarily designed for use at the European XFEL. To verify key features of this detector, an AGIPD 0.4 test chip assembly was tested at the P10 beamline of the PETRA III synchrotron at DESY. The test chip successfully imaged both the direct synchrotron beam and single 7.05 keV photons at the same time, demonstrating the large dynamic range required for XFEL experiments. X-ray scattering measurements from a test sample agree with standard measurements and show the chip's capability of observing dynamics at the microsecond time scale.
sizes [1, 2] . The AGIPD will feature a pixel size of (200 µm) 2 , which is sufficient to accommodate 
21
Testing and calibration of novel detector systems is of essential importance for their perfor-22 mance. As it is very hard to approximate the properties of free electron laser sources using com- was applied. All measurements were performed without cooling at room temperature.
36
To visualize the chip and chip tester box a microscope picture and a photograph of the experi- process is repeated 314 times, and the time between the beginning of two integration periods 68 is 9.6 µs.
69
Both patterns utilize only a single storage cell per pixel, which is immediately read after being 70 written.
71
The chip can image at 4.5 MHz and more (using more than one storage cell per pixel), but as
72
XPCS experiments critically depend on the number of frames recorded in sequence it was decided 73 to run at lower speed and capture more frames in a single pattern 2 . 
Experimental limitations

75
At the time of the test no bunch clock was available at P10. This led to the effects explained in the 76 following paragraph.
77
In operation the preamplifier is sensitive to charges collected in the sensor material during The length of the sequence is defined by the number of frames recorded in a single pattern. 3 When the operating conditions of the preamplifier change (i.e. by switching gain) during the integration time the double sampling is no longer correlated and its benefit is reduced. It should be noted that this has no impact on the detector performance as larger noise can be tolerated at the large signals required to trigger the gain switching. The coherence beamline P10 at PETRA III operates in the medium-hard x-ray regime (5-25 keV).
99
For the AGIPD 0.4 chip test described here the photon energy was set to 7.05 keV and PETRA III 100 was running in 60 bunch mode, resulting in a photon pulse approximately every 128 ns. The total 101 flux at the sample position was estimated using a calibrated diode and a reference scatterer to be The sample consisted of silica particles with a nominal radius of 250 nm suspended in water.
108
The particle concentration was chosen such that the sample can be considered dilute (spheres are 109 diffusing freely) and any effects of interparticle interactions can be neglected. 
Results
111
Except for the region very close to the primary beam, the images are virtually empty as the inte- 
Measurements without sample
122
In order to test the dynamic range, images of the direct beam were recorded. An image averaged 123 from 3000 individual frames is displayed in Figure 5 . The averaged image spans a dynamic range 124 of more than 6 orders of magnitude. This is not obvious from individual frames, as the pixels far 125 from the direct beam register no photons most of the time.
126
The X-ray beam was focused on the sample position, therefore it is defocused in the detector Figure 6 ), the pulsed nature of PETRA III can be seen clearly.
131
The pixel is in medium gain mode and shows the behavior explained previously. Two distinct 
Measurements with sample
146
Studying colloidal particles, a common sample system for small angle X-ray scattering and XPCS 147 experiments, is an efficient way of demonstrating the performance of the AGIPD 0.4 test chip.
148
These particles can be synthesized from different materials in a large variety of sizes and shapes.
149
Thereby their well known dynamics can be tailored to the specific task at hand [10] . In this exper-150 iment we will look at the particle form factor of the sample and at equilibrium fluctuations in the 151 microsecond regime. The image displayed in Figure 7 is an average of 10000 individual images and covers a dy- 
160
The dotted line is a fit of a spherical form factor (PQ-Fit) to the MaxiPix data. Only the 161 MaxiPix data was used for this fit, as the recorded data extends to large scattering vectors due to 162 the bigger detector area. The fit result for the particle radius is 245 nm.
163
It should be noted that no cross calibration between the two detector systems was performed.
164
The AGIPD data reproduces the extrapolation of the PQ-Fit towards lower scattering angles and 165 agrees with the intensity measured by the MaxiPix detector within the statistical errors. specific details for XPCS using the AGIPD can be found here [13, 14] .
186
With our setup the bunch frequency of PETRA III cannot be measured directly; however, the 187 pulsed nature is still observable with a lower apparent frequency that is determined by the aliasing 188 effect.
189
The apparent frequency f alias expected from the aliasing effect can be calculated from the true senting the analytic fit to the data points.
196
It is readily observable that the g 2 functions do not follow the expected monotonic decrease,
197
but show a characteristic oscillation with a local minimum at a lag time of approximately 10 −4 s.
198
The analytic fits identify the oscillation frequency to be 5.18 kHz, which is the expected aliased 6 This is the 2.3 km circumference of PETRA III. A high precision value of this dimension (accurate to 1 cm) was calculated from the radio frequency of the machine. 7 This is only visible when compared to detailed simulations, which are beyond the scope of this paper.
photons is mandatory and achieved by AGIPD 0. were performed. Although it is a prototype, all components relevant for operation at the European 224 XFEL are present.
225
The direct beam was imaged successfully, thereby demonstrating that the large dynamic range The authors would like to thank DESY and especially the PETRA III facility for access to the 238 beamline, the European XFEL for co-funding the development of AGIPD, the entire team that 
